INTRODUCTION

59
Vascular development is largely conserved across species, and studies in fish, birds 
68
Cdc42 and RhoA, to promote directional migration 3, 4 . Furthermore, VEGF signaling 
78
endothelial hypersprouting during angiogenesis 1, 5 . Hence, tight regulation of these 79 signaling pathways is essential for the formation of a functional vascular system.
80
Estrogens are sex steroid hormones promoting capillary formation and angiogenesis 81 [7] [8] [9] . 17β-estradiol (E2), the most potent endogenous estrogen, exerts its biological 82 action via two nuclear estrogen receptors ESR1 (ERα) and ESR2 (ERβ), and the G 
87
Physiological nuclear ESR1 signaling induces transcriptional activation of VEGFA 88 and VEGFR2 7, 11 . In addition, non-genomic estrogen signaling promotes EC and 
91
MAPK pathways and RhoA activation 8, [13] [14] [15] .
92
The significance of estrogen signaling in vascular morphogenesis is further 93 supported by studies using genetic models of estrogen deficiency showing deficient 94 ischemia reperfusion in Esr1 knockout mice [16] [17] [18] [19] [20] . On the other hand, increased 95 estrogen levels in patients with liver disease are associated with a higher prevalence 96 of angiomas 21 . Furthermore, increased fetal lethality and placental hemorrhage has 97 been reported in two genetic models of excess estrogen in mouse 22, 23 . In both 98 cases, embryonic lethality was preceded by an increase in estrogen levels. Similar replicates. Graphs were generated using Prism. 
163
were mounted in a glass-bottom petri dish (MatTek), using 0.6% low melting agarose 164 containing 0.08 mg/mL tricaine (MS-222, Sigma-Aldrich), and 8 µM E2 or vehicle.
165
The petri dish was filled with egg water containing 0.04 mg/mL tricaine and 8 µM E2 
170
Images of the forming CCV were acquired every 15 min using the same settings in a 
232
Statistical analyses were performed using Prism. and cardinal vein (CV) sprouting were also observed ( Figure 1D and Movie 1A).
250
Similarly to controls, tip ECs in E2-treated embryos projected actin rich filopodia 
258
In addition to the ISV defects, 48 hpf E2-treated embryos had a shorter circulatory Figure 1B-B' ). A4 and T can also be 282 metabolized into 11-KT and DHT, two potent androgens (Supplemental Figure 1A ).
283
Treatments with 11KT and DHT had no effects on vascular morphogenesis
284
(Supplemental Figure 1C- 
336
(Supplemental Figure 2D-D 
361
We next asked whether increased EC migration was contributing to the E2-induced 379 median) ( Figure 7A -B'). In zebrafish, the nuclear estrogen receptor α is encoded by 380 esr1, whilst the nuclear estrogen receptor β is encoded by the paralog genes esr2a 381 and esr2b. We generated mutant alleles for the three zebrafish nuclear receptor 382 genes using the CRISPR/Cas9 system. 22, respectively; median) ( Figure 7C ). esr2a and esr2b mutations had no significant 389 effects on the E2-induced vascular defects induced by E2 ( Figure 7C '-C'').
390
In addition to the Esr receptors, estrogens also signal via Gper1. Selective Gper1
391
inhibition with G36 also induced a pronounced reduction of the ISV defects induced 392 by E2 (4 vs 11.5; median) and increased the length of the circulatory loop (23 vs 22; 393 median) ( Figure 7D-D' ). G1, a selective Gper1 agonist, also induced ISV 394 disconnections that mimicked those induced by E2 (Supplemental Figure 5A) . In 395 addition, G1 treatments led to morphological defects in the most posterior region of the trunk vasculature. However, these defects did not recapitulate the DA defects 397 induced by E2 (Supplemental Figure 5A ). G1-induced vascular defects were fully 398 rescued by G36 (Supplemental Figure 5A -A'). Hence, Esr1 and Gper1 are the main 399 effectors of excess estrogens, although cooperative interactions with Esr2a and/or 400 Esr2b might also contribute to the E2-induced vascular defects.
401
Endothelial gper1 signaling promotes migration and cell-cell disconnections
402
To ascertain whether the effects on EC migration and cell-cell contacts were due to a 403 direct endothelial response to excess estrogens, we generated endothelial mosaic 
409
P2A-gper1 (6/8 embryos), and were disconnected from the forming ISVs ( Figure 8B- 
410
B').
411
We generated an esr1 mutant (p.Y549S), recreating a mutation within the ligand- 
416
CA overexpression had no effect on angiogenesis by 24 hpf ( Figure 8C-C' ).
417
Similarly, mosaic endothelial overexpression of wild-type esr1, esr2a, or esr2b had 418 no impact on vascular morphogenesis at 24 hpf ( Figure 8D-F' ). 
453
Expression of the Notch ligand gene dll4 was also reduced in E2-treated embryos.
454
Loss of the Notch effector genes hey2 and efnb2a results in arterial-venous shunts 455 due to increased PI3K-dependent ventral sprouting from the DA primordium 5, 6, 44 .
456
Excess estrogens did not affect hey2 and efnb2a expression by 30 hpf, shortly 
469
In addition, our study shows that kdrl haploinsufficiency protects against the E2- 
697
Excess estrogens induce a premature truncation of the lumenized dorsal aorta (DA) 
698
(yellow arrowhead). (B) E2 dose-response curve for the DA phenotype at 48 hpf. X-699 axis is in logarithmic scale. E2 effects on the DA becomes significantly different at 2
